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Abstract

The homodinuclear bismetallacyclopropa[60]fullerene complexes (12-Cgo)M(p-1',n -trans-Ph,PCH=CH PPh,),M(1*-Cs) (1,
M =Pt; 2, M =Pd) were prepared by reaction of Cg with M(dba), (dba = dibenzylideneacetone) and trans-1,1'-bis(diph-
enylphosphino)ethylene in 82% and 92% yield, whereas reaction of Cg, with Pd(dba), and trans-dppet followed by treatment with
Cgp and Pty(dba); gave rise to the heterodinuclear complex (n>-Cgo) Pd(u-n',n'-trans-PhPCH=CH PPh,),Pt(n*-Cg) (3) in 65%
yield. Mechanistic study showed that these reactions involve the intermediates of monometallacyclopropa[60]fullerene diphosphine
ligands (12-Cgo)M(n'-trans-Ph,PCH=CHPPh,), (4, M = Pt; 5, M = Pd). All the mono- and bismetallacyclopropa[60]fullerene com-
plexes 1-5 have been fully characterized by elemental analysis and spectroscopy, as well as for 2 by X-ray crystallography.
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Metallacyclopropa[60]fullerenes have received con-
siderable attention, since metal coordination may have
great effects on the chemical and physical properties of
[60]fullerene [1]. Among such fullerene derivatives bis-
and multimetallacyclopropa[60]fullerenes are of particu-
lar interest; this is largely because new chemical and
physical properties might be possibly induced through
interactions between Cgo spheres and/or metal centers
[2,3]. On the basis of our study on metallacyclo-
propa[60]fullerenes [4], we have recently synthesized
and characterized three novel bismetallacyclopropa
[60]fullerenes  (1-Cgo)M(p-1',1'-trans-Ph,PCH=CH
PPh,),M(n*-Ce) (1, M =Pt; 2, M = Pd) and (n*Cs)
Pd(p-n',n"'-trans-Ph,PCH=CHPPh,),Pt(n*Cg) (3), in
which a ten-membered phosphametallacycle containing
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Pt/Pt, Pd/Pd, or Pd/Pt metal centers is sandwiched in be-
tween two Cgo spheres (Scheme 1).

The preparations of 1 and 2 are as follows. To a stir-
red purple solution of 72 mg (0.1 mmol) of Cgg in 50 ml
of toluene were added 66 mg (0.1 mmol) of Pt(dba),
(dba = dibenzylideneacetone) and 78 mg (0.2 mmol) of
trans-dppet (dppet = 1,1’-bis(diphenylphosphino)ethyl-
ene) or 114mg (0.2 mmol) of Pd(dba), and 39 mg
(0.1 mmol) of trans-dppet. The mixture was stirred for
5h at room temperature to give a green precipitate.
The precipitate was washed successively with toluene,
hexane and diethyl ether, and finally dried in vacuum
to afford the homodinuclear bisfullerene complexes
(M*-Ceo)Pt(n-n",n'-trans-Ph, PCH=CHPPh,),Pt(n-C)
(1) and (n*-Cgo)Pd(pu-n',n'-trans-Ph,PCH=CHPPh,),
Pd(n?-Cgo) (2) in 82% and 92% yield. Similarly, the
novel heterodinuclear Pd/Pt bisfullerene complex (n*
Ceo) Pd(p-n'.n'-trans-Ph,PCH=CHPPh,),Pt(1n*-Cq)
(3) was prepared as described below. A mixture
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Scheme 1.

consisting of 36mg (0.05mmol) of Cg, 29mg
(0.05 mmol) of Pd(dba), and 39 mg (0.10 mmol) of
trans-dppet in 25 ml of toluene was stirred at room tem-
perature for 1 h and then to the resulting green solution
were added 36 mg (0.05 mmol) of Cgy and 28 mg
(0.025 mmol) of Pty(dba);. The new mixture was stirred
at this temperature for 5h to give a precipitate. The
same workup as that for 1 and 2 gave 85 mg (65%) of 3.
Now, the question is how these bismetallacyclo-
propa[60]fullerene complexes 1-3 could be produced
from the “one-pot” reactions described above. To an-
swer this question, we carried out some experiments.
From the experiments (see Supplementary material) it
was found that: (i) a toluene solution of Cgq reacted with
M(dba), (M =Pt, Pd) and trans-dppet in 1:1:2 molar
ratio at room temperature for 1 h to give novel metalla-
cyclopropa[60]fullerene  diphosphines  (1n*Ceo)M(n -
trans-Ph,PCH=CHPPh,), (4, M =Pt; 5, M = Pd) in
35% and 75% yield, respectively; (ii) the isolated 4 in tol-
uene reacted with Cgo and Pt(dba), in 1:1:1 molar ratio
at room temperature for 5 h to give homodinuclear bis-
fullerene 1 in 59% yield, whereas reaction of the isolated
5 with Cgo and Pd(dba), afforded homodinuclear bis-
fullerene 2 in 53% yield; and (iii) reaction of 5 with
[CeoPtx] formed in situ from Cgy and Pt,(dba); under
similar conditions afforded heterodinuclear bisfullerene
3 in 55% yield. On the basis of these observations we
can propose a possible pathway (Scheme 2) to answer
the above-mentioned question. That is, bismetallacyclo-
propa[60]fullerenes 1-3 could be produced first by n'-
coordination of organic diphosphine trans-dppet with
polymeric species [CsoMx] (M = Pt, Pd; x =~ 1) to give
metallacyclopropa[60]fullerene diphosphines 4 and 5,
and then by subsequent chelation of 4 as a bidentate
ligand with [CgPtx] and by chelation of 5 with
[CeoPdx] or [CgoPtx]. The polymeric species [CgoPdx]
[5] and [CgoPtx] [6] were formed apparently from reac-
tions of Cgy with Pd(dba), and Pt(dba),, respectively.
Fullerene complexes 1-5 have been fully character-
ized by elemental analysis and spectroscopy [7], as well
as for bismetallacyclopropa[60]fullerene 2 by X-ray dif-
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Scheme 2.

fraction techniques [8]. For instance, the IR spectra of
1-5 displayed four absorption bands in the range
1434-513 cm ™! for their Cgy spheres [9]. In addition,
the *'P NMR spectra of 1-3 showed one singlet and
one triplet at ca. 20 ppm for their four identical coordi-
nated P atoms, whereas 4 and 5 exhibited two singlets at
ca. 20 ppm and ca. —7 ppm for their two identical coor-
dinated P atoms and two identical uncoordinated free P
atoms, respectively. That the chemical shifts of the coor-
dinated P atoms lie at much lower field compared to the
corresponding free P atoms is due to transfer of the lone
pair of electrons from P atom to metal center, which has
been well observed for the other phosphine-coordinated
fullerene complexes such as (n?-Cgo)Pt(PPhs), [10],
(n*-Ce)M(CO)3(dppb) (M =Mo, W) [11] and
(M*-Cg0)M(CO)+(DIOP) (M = Mo, W) [12]. The X-ray
diffraction analysis revealed that complex 2 (Fig. 1) con-
sists of two Cg spheres, which are bridged by two metal
centers of a ten-membered metallacycle; the metallacycle
is composed of two trans-dppet ligands coordinated to
Pd/Pd metal centers. Interestingly, 2 is, to our knowl-
edge, the first structurally characterized group 10 me-
tal-containing bismetallacyclopropa [60]fullerenes. The
fullerene center-to-center separation of 16.869 A in Pd,



L.-C. Song et al. | Journal of Organometallic Chemistry 690 (2005) 1121-1124 1123

Fig. 1. ORTEP drawing of 2 (30% thermal ellipsoids). Selected bond distances (A) and angles (°): Pd(1)-C(1) 2.137(11), Pd(1)-C(2) 2.130(9), Pd(1)-
P(1) 2.326(3), Pd(1)-P(2A) 2.323(3), C(1)-C(2) 1.473(14) and C(1)-Pd(1)-C(2) 40.4(4), C(1)-Pd(1)-P(1) 141.9(3), P(2A)-Pd(1)-P(1) 109.06(10),

PQ2A)-Pd(1)-C(1) 107.4(3).

complex 2 is close to that of 16.57 A in metallacyclo-
propa[60]fullerene Ir, complex, but the non-bonded me-
tal-to-metal distance of 6.83 A for 2 is much shorter
than the corresponding intermetallic distance of
8.104 A in the Ir, complex [13]. The two C-C double
bonds  C(73)-C(74)=C(73 A)-C(74 A) = 1.290(14) A
for 2 are slightly shorter than the common C-C double
bond (1.34 A). Each of the zero-valent Pd(0) centers has
a square-planar geometry. The nz-coordipated 6:6
bonds, for example, C(1)-C(2) =1.473(14) A is obvi-
ously longer than the other 58 uncoordinated 6:6
bonds in each Cgg sphere due to the metal-to-Cg, m-back
donation [la].

In conclusion, we have synthesized three novel bisme-
tallacyclopropa[60]fullerene complexes 1-3, in which a
10-membered metallacycle is sandwiched in between
two Cgo moieties. A mechanistic study on the ‘““one-
pot” reactions leading to complexes 1-3 has allowed
us to obtain two novel metallacyclopropa[60]fullerene
diphosphines 4 and 5 in high yield. In view of the
widespread uses of phosphorus-containing ligands in
transition metal chemistry, these two metallcyclo-
propa[60]fullerene diphosphines 4 and 5 would play an
important role in the development of transition metal
fullerene chemistry. Further applications of diphos-
phines 4 and 5 in preparation of other bismetallacyclo-
propa[60]fullerene complexes are under intensive
studies.
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Appendix A. Supplementary data

Crystallographic data for the structure reported in
this paper have been deposited with the Cambridge
Crystallographic Data Centre, CCDC No. 232273 for
compound 2. Copies of this information may be ob-
tained free of charge from The Director, CCDC, 12
Union Road, Cambridge, CB2 1EZ, UK (fax: +/44-
1223-336033; e-mail:  http://www.deposit@ccdc.cam.
ac.uk or http://www.ccdc.cam.ac.uk). A text describing
the detailed synthesis and characterization of 1-5 may
be obtained on request. Supplementary data associated
with this article can be found, in the online version at
doi:10.1016/j.jorganchem.2004.12.006.
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